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his fine intelligence and his affectionate nature. This continued through a life devoted to his work and to helping others whether in his home or in his professional activities.
Biographical Memoirs

O u t l in e of scientific c a r e e r
At the age of 10 Mapson went to the Cambridge and County High School. After leaving school in 1926 he began in the following year to study for a pharmaceutical career. However, having been recognized as a brilliant pupil, he was encouraged by his former chemistry teacher to read N atural Science. He entered Fitzwilliam House (now Fitzwilliam College) in Cambridge University in 1928. This led to his taking both parts of the N atural Sciences Tripos, with biochemistry as the principal subject. In 1932 he joined the enthusiastic band of research workers which surrounded their Professor, F. G. Hopkins, in his School of Biochemistry in Cambridge. This was an exciting time for the study of nutrition and enzyme catalysis. The 'hexuronic acid' discovered in that departm ent by Szent Gyorgyi had recently been identified by him as vitamin C and was named ascorbic acid. M arjory Stephenson had developed her superb microbiological technique for studying the catalytic activities of a bacterium. J . B. S. H aldane was the Reader in Biochemistry and he seemed able to digest the whole of the literature as soon as it appeared and then to transmit relevant information appropriate for each individual worker. Malcolm Dixon, in close contact with Hopkins, was concerned with finding out the essential nature of the biological catalysts. Miss R. Leader (then, rather charmingly but rudely called by some 'R uby the R at Q ueen') had been helping Hopkins with his vitamin studies since 1917. She had a wonderful skill in carrying out nutri tional experiments and always offered the kindest help to young research students. It happened that the ideas connected with the study of nutrition and with the properties of enzymes were to provide the basis for Mapson in his decision to embrace a career in scientific research. Thus in later years he had referred to Hopkins, H aldane and Dixon all as being instrumental in developing his interest in biochemistry. He started research with J . B. S. Haldane and R. P. Cook. The subject was on the nature of respiratory catalysts in the bacterium Bacillus (
E s c h e r i c h i) coli (1). * T first used by M arjory
Stephenson for the development of her biochemical studies of microorganisms. Haldane prepared and analysed various mixtures of gases containing oxygen and carbon monoxide using his father's well known apparatus at which he had been adept since boyhood. Cook had recently returned from a course at the Institut Pasteur, Paris and was responsible for the microbiological side of the problem. The next research was on a nutritional problem with B. G. Guha (2), a well known authority on the subject. But there was another aspect of all this for the student just starting to find his place in the scientific hierarchy. The future was highly uncertain in those days of the recession of the thirties and the support to be derived from teaching in college or in a university department was apt to be meagre. Mapson then obtained a position with a commercial venture con nected with the whaling industry. The work in this connexion allowed for him to become registered as a student for the degree of Ph.D. under the supervision of Haldane and Hopkins. Mapson was able to show how a concentrated preparation containing a supplementary factor for nutrition could be prepared from whale liver during the normal disposal of the catch. This work involved the most intense activity at intervals. The memory of Mapson at this stage in the basement of the School of Biochemistry still lingers on. A picture of keenness and modesty with his effort almost concealed by a quietness of manner. He used the classical methods with the help of Miss Leader in the study of the effect of feeding rats with a commercial casinogen preparation supplemented by addition of liver or by extracts from it. His experiments and critical conclusions derived from this work formed the basis for his doctoral dissertation. They were published in two papers (3, 4). The supplementary factor for nutrition was described under the name 'Physin' and owing to the relative stability and high content in liver it was easily obtained in a concentrated form. The factor would now be regarded as being a mixture of B vitamins, for at that time the current list was far short of the B12 which itself would have accounted for some of the properties described by Mapson. It happened after taking his Ph.D. degree in 1936 there was apparently no satisfactory research appointment available for him. He left the laboratory in 1936 and accepted the post of lecturer in bio chemistry at Portsmouth College of Technology. Here his powers as a teacher for the students in pharmacology were greatly appreciated. However in 1938 he was appointed as a scientific officer to the Food Investigation Board of the Department of Scientific and Industrial Research. This was to lead later on to his association in research with John Barker who came to be, perhaps, one of his most intimate scientific friends. After the outbreak of the war in 1939 he was temporarily attached or rather, seconded, to the Dunn Nutritional Laboratory of the Medical Research Council in Cambridge. The Nutritional Laboratory under the direction of L. J. Harris was engaged (among other activities) in developing methods for the estimation of vitamin C (8 to 19). These methods were developed from an original observation that the vitamin would reduce the dye dichlorophenol indophenol very readily. This led to development of methods based on colorimetry, and much of the work inspired by Harris at that time had later on become classical. Mapson was to take an active part, and to be in charge of war-time programme of research aimed at the conservation of nutrients during dehydration of food. problem connected with the accurate determination of the vitamin in all the aspects of alimentation in relation to hum an subjects. This intensive work on the nutritional aspects of products in relation to the C vitamin was tempered by M apson's keen biochemical interests and partly, later on, by his association with John Barker who contributed a plant-physiological outlook. There was active scientific collaboration with many others which allowed the coordination of results from a variety of techniques. In particular he brought to bear an enthusiastic and daring approach to the problem of the biological significance of ascorbic acid. Mapson, as a true biochemist, was essentially concerned with the relation of the two aspects of a process; the study on a living organism and the analysis of the process in vitro.
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S c ien tific r e se a r c h
Nutritional aspects o f vitamin G T his work comprised a detailed study of the quantitative determination of vitamin G in all types of biological material. In each of the many different experimental conditions in which the vitamin was studied Mapson focused a brilliant biochemical perception and would bring out some new fact or unforeseen result of more general interest. His results (7), starting with the effect of salts, particularly chlorides, on the stability of ascorbic acid in solution, may give us an indication for several of his later im portant contribu tions to knowledge. As was well known, the presence of copper even in minute traces caused a rapid oxidation of ascorbic acid when aqueous solu tions were exposed to air. The effect of sodium chloride on this system was either to increase or to diminish the rate of oxidation according to the relative amounts of the components. Mapson was able to show how the effects depended on the production of cuprous ions and the stabilization of a cuprous salt in presence of excess of chloride (20). These results later led to the explanation of the effect of ascorbate as an inhibitor of the enzyme urease (21). This was found to be simply due to the production of cuprous ions from the small traces of copper compounds present. O f course this actual work arose from the necessity for study of nutritional values of food after cooking and also in connexion with perservation of liquid samples prior to an estimation. There was an intensive programme of work in the Low Tem pera ture Research Station in the war years 1939-45 on the drying of vegetables (10, 14) . Also the Medical Research Council had organized a programme of experiments to determine the vitamin G requirement for man. Mapson with the technical assistance of M r Alfred W ard at the D unn Nutritional Labora tory was involved almost continuously in making estimations of the vitamin. Naturally, one of the main preoccupations with the vitamin was concerned with the specificity of the chemical methods used for its determination. The account of his method for the estimation of the vitamin in preparations of dried potato when sulphite had been used to prevent discolorations is a model of clarity (9). Any effect of sulphite on reducing the indophenol dye was completely removed by adding acetone prior to the estimation. The most troublesome situation was always when the nature of the substances present which caused reduction of the dye was unknown. This was put clearly in the introduction of Appendix A of the M .R.C. report (49). 'Several methods for estimating ascorbic acid in urine have been published, but comparison shows that there are wide discrepancies among the results. It is difficult to test the validity of any method because the various substances in normal urine that interfere with the test have not been characterized, so that it is impossible to make synthetic mixtures of them and thus determine exactly the limits of error. Recovery tests, while valuable as checks, simply indicate that the test will estimate added ascorbic acid, and not whether it includes other substances. The approach has to be a less direct one and consequently the evidence of validity is less conclusive. In the present research, advantage has been taken of the opportunity to examine urine from human subjects with well-defined signs of scurvy. On the assumption that the vitamin G in such urine should be none or very little, while the amounts of other interfering substances should be normal, the specificity of different methods may be assessed.' He compared four of the different published methods on the normal and deficient cases. During these wartime activities at the Dunn Nutritional Institute the staff could grow vegetables around the site. Dr Vernon Booth told me how Mapson acquired a relatively large patch of the ground. His organization of the apparently rough and ready way of preparing the soil and scattering the seeds rather shocked the other members. Yet of all the various plots as judged by later results that of Mapson's appeared the best. Commenting upon this, Dr H. G. Wager recently remarked that Mapson seemed to have 'green fingers' in his research; every method adopted or problem pursued seemed rapidly to yield a significant result.
Ascorbic acid in the living plant
The use of germinating cress ( L epidium sativum L.) seeds as a pr against scurvy had long been used when fresh vegetables and fruit were unavailable. Mapson and Cruickshank (24) set out to examine the effect of different levels of inorganic salts on the content of ascorbic acid in the growing plant. They chose cress seedlings for this study because the growth could be standardized to a sufficient degree and the different types of nutrient salts could easily be applied. The work was planned in order to find out if there was any basis for a claim that the production of ascorbate was related to the content of carotin. The latter was known to vary with the growth status of the plants (31). They found evidence that a factor determining the extent of the synthesis of ascorbic acid was related to the amount of base becoming avail able to the plant after metabolic change. Thus, sodium succinate was effective while ammonium succinate was ineffective in producing increase in ascorbate synthesis. While carotin synthesis was somewhat similarly affected, no evidence for any specific relationship between the two vitamins was found. In order to see if deprivation of vitam in A influenced the synthesis of ascorbic acid M apson and W alker used chloretone to stimulate synthesis of ascorbic acid in the ra t (27). It was known th at narcotics stimulate the excretion of the vitam in by the kidney. They concluded 'In these experiments no specific relationship was found between the ra t's resources of vitam in A and its capacity to synthesize ascorbic'. It would seem now th at M apson had attained a vivid awareness of the synthesis of ascorbic acid both in cress seedlings and in the rat. W ith the previous work of R ay on the formation of ascorbate in pea embryos by feeding them with sugar the setting for the now famous work on the biosynthesis of ascorbic acid might have seemed complete. But not quite complete-it was also connected with the presence in the Low Tem perature Station of two most able scientists. In the first place there was a brief collaboration with S. M. Partridge (29) who was at the time skilled in the art of paper chromatography. T hen it became possible to separate the ascorbate from chemically allied substances. Later came the collaboration with an expert in carbohydrate chemistry, F. A. Isherwood who had joined the Research Station after being in H aw orth's Laboratory in Birmingham, where the purely chemical studies on the vitamin had reached the point of its total synthesis. The joint work on the biosynthesis which followed extended over several years.
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Biosynthesis o f vitamin C W ith cress seedlings grown in dark Mapson, Cruickshank and Chen established that, in presence of 1 /20 000 mercuric chloride to prevent mould infection, significant amounts of a variety of sugars were taken up (3). Fructose, glucose and D-galactose increased the ascorbate contents while D-mannose depressed both growth and ascorbic formation. The effect of different salts added at the same time as the carbohydrate confirmed the previous finding; more ascorbate was found when more base was present in the seedlings. Thus there were two test systems for a study of the biosynthesis, the narcotized ra t and the dark grown seedling of cress. Isherwood's know ledge of carbohydrate chemistry and analytical techniques was then brought to bear on all the further experiments. Evidence was obtained for paths of biosynthesis either from glucose or from galactose in the ra t and from galactose in the cress seedlings (47).
In each of these schemes the hexose is first oxidized to the uronic acid. They found later that in the plant this process required NAD as the coenzyme and that the oxidation requiring four equivalents took place in one stage. The re duction process, which gave the inversion of configuration from the d -to the lseries was found to require NADPH as the coenzyme (55, 56, 79) . The enzyme required for the last stage was first found in the presence of mitochondria (48); this was due to it having properties resembling a cytochrome c reductase. The oxidation process then depended on cytochrome oxidase in an aerobic system. W hen a suitable artificial H-acceptor was present the mitochondria were not required (67). It was concluded that the first two stages were general to animals and plants, and that it was the enzyme concerned with the final dehydrogenation step which was missing in the guinea pig and in the primates. Isherwood and Mapson were able to confirm their two schemes in vitro and in vivo. In the case of the plant they were able to characterize the 3 enzyme systems involved. In the case of the plant galacturonic acid itself could not be taken up nor could it be reduced in vitro although the ester of galacturonic acid was active in both situations. At the time the experiments seemed to have given the explanation for conversion of the D-hexose to the L-ascorbate by inversion of the molecule without any intermediate cleavage of the sugar molecule.
Some work with isotopically labelled sugars carried out in another labora tory had given evidence that in certain plants the synthesis of L-ascorbic acid from a D-hexose did not involve inversion of the molecule. Also no evidence had been obtained for a cleavage of the sugar molecule during this process. Two schemes for this in the plant had been proposed but a careful examination of possible intermediates by M apson and colleagues had not yielded any direct biological evidence to support the proposals although they always had referred to the possibility of the existence of additional pathways. The formation of ascorbic acid in the plants from galactose and from glucose in the rat as defined by the work of M apson with Isherwood and colleagues remains a classic achievement in biochemistry.
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In the meantime Mapson had had an encounter which proved to be both a delight and an encouragement for his scientific work. David R. G oddard, then Professor of Botany in the University of Pennsylvania, visited the L.T.R .S. in 1950 and was able to join Mapson with the biochemical and physiological studies of the plant. T heir work was a development from earlier studies made by F. G. Hopkins with E. J . M organ and with E. M. Crook on the relation between ascorbic acid and glutathione. M apson and G oddard were able to show how ascorbate might function in a series of oxidationreduction steps from atmospheric oxygen to the oxidation of reduced co enzyme II (NADPH) (35, 38) . Both malate and isocitrate were shown to be present in the active extract from pea seeds which had previously been known to reduce the glutathione disulphide (GSSG). Evidence was obtained for the presence of the malic and citric enzymes described by Ochoa. The reduction of GSSG to GSH in the extract was shown to be specific for coenzyme II and due to an enzyme which they suggested might be called glutathione reductase. The further suggestion th at the enzyme might be a flavoprotein was confirmed by Mapson and Isherwood twelve years later (89). The flavin was shown by them to be flavine adenine dinucleotide. This supported an hypothesis that the ascorbate-dehydroascorbate couple might give the ascorbic oxidase the status of the terminal oxidase (62, 68) Very characteristically, Mapson turned this phase of his work to practical advantage (43). The active extract from pea seeds was used with success for a specific method for estimating glutathione even in presence of its break down product cysteine. The extract was prepared by precipitation of aqueous solution prepared from dry peas with acetone, this contains the whole requirement for specifically reducing GSSG to GSH. Later work with J. Barker showed physiological responses in the potato which indicated the oxidation of glutathione followed by oxidation of the ascorbate. This only happened when the tubers were stored in air enriched with oxygen. Thus there was some evidence to support the hypothesis that ascorbic acid might function in a part of the respiratory processes in the plant (68). This mainly referred to the evidence obtained from changes in the steady state levels of cellular metabolites for the observations extended over days or even months. Mapson was able to record quite rapid changes over a few minutes in the levels of dehydro-ascorbic acid in plant tissues when they were exposed to air or to nitrogen. This indicated a continuous oxidation and reduction which, however, only concerned a very small fraction of the total ascorbate in the tissue. From experiments with pea embryos (62) it was calculated that as much as 30% of the respiration could have been involved with the ascorbic acid. Then Mapson with his usual verve investigated the effect of illumination on the changes in dehydro-ascorbate in a leaf, using initially the strawberry plant (86). Here some of the observations extended over a few seconds rather than minutes. The effect of exposure to light after a dark period was a very rapid oxidation of a small part of the ascorbic acid giving a higher steady state level of dehydro-ascorbate. On returning to dark there was a reduction of the extra dehydro-ascorbate back to the original steady state level. The increase of dehydro-ascorbate in light was found to be a function of light intensity; this affected both the rate of oxidation of ascorbate and the corresponding steady state. From the effects of certain inhibitors of photosynthesis and by the use of light of different frequencies it was concluded that the ascorbate was reacting with the photosynthetic mechanism in the leaf (95). In fact it appeared that a fraction of the ascorbate was being concerned in an oxidation reduction process in the chloroplasts between the two parts (I and II) of the photomechanical system in accord with the oxidation reduction potential. I have a vivid memory of Leslie telling me about these experiments. His voice got louder and louder; this seemed remark able in one who always seemed such a quiet individual but it usually happened if he was deeply interested. The results were published in two papers; the analytical treatment was self consistent but the experiments were all on the physiological level and the whole system may have seemed almost too complicated to be analysed without some relevant data vitro. Further effects of different wavelengths of light were published in a third paper (106) where it was concluded that a controlling factor was a pigment resembling the phytochrome system discovered by Stirling Hendricks at Beltsville, Md. This led to a publication from the department of Hendricks announcing that the result could not be repeated. W hether or not the determination of changes in ascorbate were more perfectly developed in M apson's hands, he abandoned the work without publishing any comment. He at once continued to develop his other lines of research. This episode illustrates both the workmanlike approach and the quite amazing enterprise that characterized all M apson's scientific investigations.
It was in the Low Tem perature Research Station in Cambridge that, in 1934, R. Gane had proved that ethylene was the active agent being produced by a fruit during the process of ripening and th at the presence of oxygen was necessary for the production of the gas. Owing to the minute fraction of the total cell metabolism concerned with the production of ethylene the elucida tion of the process of biosynthesis had eluded all the available methods. In 1961 Morris Lieberman from Beltsville, Md. visited the L.T.R.S. in con nexion with his work on a system prepared from ripening fruit which produced ethane in vitro. Mapson and Lieberman then joined in the study of this model system because they both considered that it could have relevance to a system producing ethylene. After the return of Lieberman to Beltsville in 1962 they continued the joint work and Mapson visited Beltsville in 1964 for a 9 months stay. The model system needed a thiol such as thioglycollic acid and they showed that one of the essential requirements for the production of the hydrocarbon was the peroxidation of a fatty acid; also they found that a small amount of ethylene was actually produced at the same time as the ethane. It had been shown elsewhere that the enzymic p art of the vitro model system could be replaced by ferric salts, but it was generally con sidered that the system which produced ethane in vitro had no relevance to the ripening process of a fruit. M apson's experience with vitamin C then seems to have activated their problem. They found that by replacing ferric salts by cupric salts and ascorbate the model system readily produced ethylene as well as ethane from peroxidized linolenic acid. They discovered that the amino acid methionine could replace the peroxidized linolenic acid when the
Biosynthesis o ethylene
ascorbate and cupric ions were present and then ethylene with no ethane was produced. Moreover it was later proved that carbons 3 and 4 of the methion ine were found in the ethylene that was produced.
Lieberman recently wrote, 'In all this work Leslie was a driving force constantly probing every possible lead and suggesting new mechanisms to explain the results of the day's experiment, with alternative possible ways to test the validity of the suggested mechanism. He never lacked enthusiasm and was never depressed for very long by an unsuccessful experiment. After a failure Leslie would always be ready to try again with a new twist and turn at breakneck speed'.
The study of the production of ethylene in the model systems from linolenic acid and from methionine had indicated to Mapson a reason for the requirement for oxygen. He immediately seemed to have become conscious of a possible practical outcome. O n his return to Cambridge he joined with J . E. Robinson for an investigation of the effects on unripe bananas by storing them in atmospheres containing different low pressures of oxygen (109). The results of this analytical study proved that the unripe fruit could be stored at ambient temperatures for long periods (up to 30 days) without any deteriora tion if the oxygen was kept between 5 and 7.5%. This was sufficient to main tain the basal metabolic rate of respiration of the mature but unripe fruit at a level which was adequate to prevent either injury or the accumulation of metabolites which would im part an objectionable flavour. At the same time the treatm ent allows the fruit to ripen normally when returned to air. This investigation might be said to have rendered obsolete former methods used for transport and for storage of fruit previous to ripening.
Mapson continued his study of the formation of ethylene from methionine. He found that with florets from cauliflower a very active cell free system could be obtained (110). His analysis of this ethylene producing system from methionine in vitro seems particularly striking. He showed the presence of a thermo-labile part and two thermo-stable cofactors. One of the cofactors was shown to be a phenol, identified as an ester of p-coumaric acid and the other was identified as methane sulphinic acid (112). The thermo-labile part was shown to be peroxidase and the peroxide could be formed by a glucose oxidase also present. Each component of the system was examined in detail so that the contribution to the whole process could be inferred thus allowing discussion of possible reaction mechanisms. In all the different in vitro model systems a source of peroxide was required. In the last publication (121) which appeared after his death Mapson and Wardale had shown that indole-3-acetic acid (the plant hormone) was active in presence of peroxidase without any other source of peroxide. The subject was now ready for a further attack on the mechanism of the process in vivo and all his coll Mapson was not spared for this. His genius for colligating the two aspects of a process inside and outside of living cells was outstanding.
O f necessity, the foregoing is but a brief sketch of the progress of Mapson's scientific work. On the practical side there were the contributions to the nutrition problems; to the storage and preservation of vegetables, to the conservation of quality in the manufacture of potato products and to the 438 methods used for the storing and ripening of fruit. O n the purely scientific contributions side were his studies in plant respiration, on the significance of ascorbic acid in the plant and its biosynthesis. Finally came the studies on the production of ethylene. Throughout his whole scientific career there was a collaboration with many different workers, and always a mutual appreciation was apparent. I am very grateful to those of his colleagues who always res ponded so kindly to my enquiries about their knowledge. I would especially like to thank Mrs. Mapson for her help in connexion with making a survey of his scientific work. She most kindly allowed me to borrow two bound volumes containing reprints of practically all his publications which had been presented to her from the Food Research Institute as a tribute to his memory. These had been put together by M r W ardale and the copy was signed by members of the department.
The photograph is by Godfrey Argent. 
